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Abstract 
In this paper, a maximum power point tracking (MPPT) method for a stand-alone variable speed wind turbine using permanent 
magnet synchronous generator (PMSG) is studied. A method for diagnostic and reconfiguration of an open circuit fault due to a 
failure of one or two power switch of a Three-level boost converter is proposed in order to maintain normal operation of the 
energy production systems. Simulation results are presented to show the effectiveness of the proposed method in various climatic 
and operating conditions.  
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of KES International. 
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1. Introduction 
Nowadays, renewable energy becomes gradually rivaling fossil fuels on cost and production performance views. 
Among renewable energies, wind energy was ranked as a second clean energy in 2012 after hydro energy for his 
contribution to the growth of renewable electricity [1].   
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The Figure 1 represents the general diagram of the wind energy production system. The three phase PMSG acts 
as the wind generator. The generated AC voltage cannot directly supply the DC-link. The AC voltage is converted to 
DC voltage by using a uncontrolled rectifier and three-level boost converter. 
However, at this level of technological development, it’s necessary to increase the efficiency of the conversion 
chain. In order to supply the DC bus, the permanent magnet synchronous generator should be connected to a rectifier 
that converts the AC voltage into DC voltage available on the DC bus. DC-DC converters have a major role in 
conditioning the power produced. They track the maximum power point, and supply the power generated at a DC-
link. 
An industrial survey on the reliability of the power electronics converters [2] Shows the most vulnerable elements 
that can be exposed to failures are the power switch. This is because they are exposed to high mechanical and 
thermal stresses which can provoke a faulty operation of the converters. This leads to significant losses in production 
and profits. As an alternative, the use of multi-level DC-DC converters reduces the solicitation and increases their 
lifetime. Currently, among the multi-level topologies the three-level boost converters, shown in the Figure 2, is 
widely used with many applications: wind [3], Photovoltaic [4-5] and fuel cell [6].  
However, this solution is still insufficient. Therefore, diagnostic methods and fault tolerance strategies must be 
proposed. This is to maintain the conversion chain operation by reducing the production and load demand, while 
waiting for corrective maintenance. The histogram in figure 3 shows the interest of researchers for this subject by 
showing the evolution of the number of published papers for the diagnostic methods of the power switches faults 
associated in some cases with faults tolerant strategies. [7]. 
The most common power switches faults are open, control and short-circuit faults [8]. The work presented in this 
paper take into consideration the open-circuit faults.  We propose a diagnostic method of an open-circuit faults and 
reconfiguration of three-level boost converter used on a wind conversion chain.. This is based on the measurement of 
the two voltage values of the balance three-level boost converter, Vc1 and Vc2 as shows in the figure 2. The circuit 
analysis is divided into normal state, faulty state and reconfiguration state.  
The proposed reconfiguration method includes two interrupters and resistor to the original converter structure. 
This would make possible its reconfiguration when a faulty state occurs. This method will take advantage of keeping 
the same control variables used for MPPT. In this case, the three-level boost converter is reconfigured to the normal 
DC-DC boost converter.  
 
Fig. 1.General diagram of the wind energy production system 
 
Fig. 2.Three-level boost converter 
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Fig. 3.Evolution of the number of published papers on power switches faults diagnosis in DC / DC converters. [7] 
2. Modeling 
2.1. Wind generator  
Figure 4 represents the block diagram of wind generation. The wind generation block consists of rotor blade 
measurement, speed measurement, PMSG and input voltage current measurement. PMSG produces the electrical 
energy to the DC-link [9]. 
 
Fig. 4.diagram of wind generation block 
2.2. Rectifier  
In order to supply the DC-link, the PMSG should be connected to a rectifier that converts the AC voltage into DC 
voltage. There are two possible architectures:        
x Generator- diode rectifier-chopper-DC link; 
x Generator-PWM rectifier –DC link. 
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 In this work we focus on the first architecture which seems to be the most simple as its described in the literature 
[10]. 
2.3. Three-level boost converter 
 To overwork the problem of voltage changes in DC-link, the multi-level operation is the most preferred choice 
compared to the parallel or serial connection. Operated at three-level, the output can reach the double of the input 
value. As a result, the converter power density and efficiency are improved significantly, and costs are reduced. The 
equivalent switching frequency boost converter with three levels is twice that of the conventional boost and thus: 
offers a lower input current, ripple output voltage, fast dynamic response and better ability to power management.  
 The three-level boost converter has two types of operation symmetric and asymmetric [11]. First, during the 
symmetrical operation, the duty cycles D1 and D2 are equal and the capacitors C1 and C2 have also the same 
values. The middle point voltage is equal to Vdc / 2. Second, in the asymmetric operation, the duty cycles D1 and 
D2 are independently controlled and the capacitors C1 and C2 can be charged or discharged independently to 
achieve neutral balance. Finally, in this paper, to simplify the MPPT control and avoid a control loop of the DC-link 
voltage, the symmetrical operation of three-level boot converter has been chosen with C1 = C2.  
2.4. Maximum power point tracking (MPPT) 
An Aeolic-electric energy conversion process involves: (i) the air masses complex dynamics, (ii) the wind 
regime stochastic nature and (iii) the turbine and generator non-linear behavior. In such applications, it's mandatory 
to introduce a controller for the good performance of the conversion chain under different constraint as cited above. 
To maintain the system to its maximum power point, an adaptive control algorithm based on P&O MPPT is used 
[12]. 
3. Diagnostic of open-circuit Fault and Reconfiguration method 
The circuit analysis is divided into three states: a normal state operation with no fault, the transient faulty state 
regime after an open-circuit power switch fault occurs and the reconfiguration state. During the normal state, the 
converter operates like a conventional three-level boost converter. When an open-circuit fault occurs in one of the 
power switches, the converter stops working. Before it happens, a transient state occurs as illustrated in Figure 5, for 
an open-circuit fault in S1 and in Figure 6 for an open-circuit fault in S2. After an open-circuit fault, the remaining 
healthy power switch keeps working as long as it receives impulses to turn on (until the control stops working). 
Only two operating modes are possible: (i) both power switches OFF and (ii) one power switch ON (the healthy 
one) and the other OFF (the faulty one). During the period where both S1 and S2 are OFF, diodes D1 and D2 are 
forward biased and conducting and both capacitors C1 and C2 are charging.   
 
Fig. 5.Open-circuit fault in power switch S1 
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Fig. 6.Open-circuit fault in power switch S2 
During a fault transient, it is necessary to locate the faulty power switch. Regarding the fault localization, the 
imbalance between the capacitor voltages is used. Power switch open-circuit faults, on the two switches, 
independently, have been previously tested under simulation, in both cases, the dc-link capacitor voltage balance is 
lost, but with different consequences. Therefore, a fault diagnostic variable ‘‘N’’ can be created using the difference 
between the output dc-link capacitor voltages:  
 
ܰ ൌ େభ െେమ       (1) 
 
When, Vc1 and Vc2 are measured before and after creating defaults respectively in S1 and S2.   
If N is bigger than a predefined positive threshold ‘‘k’’, the faulty switch is S1. If ‘‘N’’ is smaller than a negative 
threshold ‘‘−k’’, then the faulty switch is S2. This threshold ‘‘k’’ was empirically chosen during simulation tests.  
The whole diagnostic method is summarized in figure 7. 
 
Fig. 7.Summary of the diagnostic method [4] 
 
In order to ensure the continuity of service and reduce the effects of power switch faults. Once the faulty power 
switch has been detected, a fault tolerant converter topology should be used. 
In the literature [7], only 33% of the papers present a diagnostic method associated with the faults tolerant 
strategy. In this work, we propose a method of control system based on two controlled interrupters as illustrated in 
figure 8. 
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Fig. 8.Control system method 
After fault detection, the control system used to keep the converter operation is different. Whether the fault has 
occurred in S1 or in S2 the interrupters K1 or K2 will be close respectively. As a result, after a fault occurrence, the 
converter does not stop working but it changes its configuration. The two input variables of the MPPT in this 
adopted technology will not be affected or changed.  
4. Simulation results  
In this section, some simulation results are provided. The simulated parameters are listed in Table 1. Two equal 
capacitors C1 and C2 are connected in series in the circuit to yield the voltage balance. 
 
Table 1. Parameters of Three-Level boost converter 
Inductor L 20 mH 
Capacitor C1 4400 mF 
Capacitor C2 4400 mF 
Capacitor Cin 1000 mF 
Resistor R  100 Ω 
Switching frequency 5 KHz 
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4.1. Simulation1 : Normal state 
When the MPPT control is applied, the wind energy production system operates in a maximum power as shown 
in figure 9-11. 
 
Fig. 9.MPPT input voltage for constant wind speed 12m/s 
 
Fig. 10.Wind Power for constant wind speed 12 m/s 
 
Fig. 11.Output voltage for constant wind speed 12 m/s  
With the random wind speed profile gives in Figure 12, the variations of the output DC link voltage of the three 
level boost converter are shown is the Figure13.  
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Fig. 12 .wind speed profile 
 
Fig. 13.Output voltage for random wind speed profile 
In the light of the simulation results, it is obvious that the output voltage of the conversion chain change 
according to the wind speed variation. The models show that the random wind speed profile is the source of 
fluctuations in the DC link. Indeed, when the wind speed varies, the control law must follow the change of the 
operating point to stabilize the DC-link voltage. 
 
4.2. Simulation 2: Faulty state 
We consider that the system operate with wind speed v=12m/s, at time t1 = 4s, an open circuit fault is created. 
Then, the angular speed increases (figure 14) while wind power suddenly decrease (figure 15).  
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Fig. 14.Wind power after an open circuit fault 
 
Fig. 15.Angular speed after an open circuit fault 
This information will be used for detection of the power switch open circuit fault. Then, the figure 7 will be used 
for its localization. The methodology adopted for detection and localization of an power switch open-circuit fault is 
summarized in figure 16.   
 
Fig. 16.Methodology of detection and localisation of an power switch open-circuit fault 
4.2. Simulation 3 : reconfiguration 
The output of the detection circuit shows S1=1 if the switch failure was S1 and S2=1 in the other case. While 
the fault is not yet detected (while S1Off and S2Off are not turned ON), the circuit operates under faulty state. The 
duration of this mode depends on the charge/discharge rate of the output dc-link capacitors.  
At t1= 4s the default is created and at t2 = 8s the activation of the reconfiguration circuit is activated. Figure 17 
shows the variation of output voltage variation of the conversion chain before and during a power switch open-
circuit fault in the power switch S1 and S2 respectively and after reconfiguration of the three-level boost converter.  
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Fig. 17.Simulation results of the output voltage before and during an open-circuit fault in power switch and 
reconfiguration state 
The simulation result shows that the adopted reconfiguration method allows to the system to keep operating 
during a fault state with open-circuit fault.   
5. Conclusion  
In this paper, the MPPT and the open-circuit fault diagnostic methodology for three-level boost converter is 
studied.  The proposed fault diagnostic methodology is able to detect and to locate the position of an open circuit 
fault of the three-level boost converter power switch. Finally, an adopted reconfiguration method of the circuit is 
introduced. This latter allows to the system to keep operating even during an open-circuit fault state.  At the same 
time, it introduces higher stresses on the remaining healthy power switch, due to the output dc-link capacitor voltage 
unbalance. This is the main disadvantages and limitations of this strategy. Then, it’s necessary to add a controller to 
the three-level boost converter to keep capacitor voltage. The converter remains operating as a classic boost 
converter until it can be replaced without stopping operation. 
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